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Abstract 
The modes of pulse-periodic laser action with thermocycling were defined, at which an area with a corrugated-shaped relief and a 
clear border was formed in the center of the heat-affected zone in the study material, brass L62 of 0.05 mm thickness. It was 
found that during pulse-periodic laser action, wedge-shaped submicrocavities were formed on the surface layer of the material. 
These submicrocavities converge at their edges with formation of extended nanosized channels with widths not more than 100 
nm. The pulse-periodic laser action with a pulse frequency of 3 Hz on single-phase brass leads to the formation of nanosized 
cavities due to the accumulation of internal stresses during cyclic heating and cooling at high rates. The estimation of vibration 
rates of the samples in the frequency range from 0.5 to 16000 Hz was performed. It was revealed during the study of the forced 
oscillations that the maximum values of vibration rate occur at frequencies corresponding to the natural vibration frequencies. 
The application of a damping device causes significant reduction in vibration rate, but under such conditions the pore formation 
is not stopped. It was determined that the conditions of fixation of the samples during pulse-periodic laser action with 
thermocycling practically do not influence the intensity of the formation of a nanoporous structure. This provides an opportunity 
to implement the processes of formation of nanoporous structures in the massive parts of devices and mechanisms, it significantly 
increases the potential for the practical use of this process. 
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1. Introduction 
Nanoporous materials have a number of unique physical properties that make them applicable in such developing 
industries as biotechnology, hydrogen and hydrocarbon energy, and allow to solve a number of important problems 
related to the preparation and purification of drinking water as well [1-3]. Nanoporous metallic materials, when 
compared with their polymeric and ceramic analogues, have better physical, mechanical and technological 
properties, such as mechanical strength and heat resistance. As a rule, for the manufacture of metallic nanoporous 
materials, chemical or electrochemical methods are used [4-6]. The processes of creating structures of nanoporous 
metallic materials are characterized by a significant power consumption, high labour input and complexity of 
implementation. For example, the unchangeable solid structures with a gas- and water-permeable nanosized porosity 
can be created by the preferential dissolution of one of the phases of single-crystal nickel-based superalloy, but the 
costs of their production in this case will be very high [7]. 
The progressive direction of the creation of nanoporous structures on the surface of metallic materials is the use 
of laser action. In Refs. [8-10] the conditions for the formation of the nanoporous structures by laser treatment in the 
Cu-Zn alloys has been determined. It is established that the nanoporous structure is formed as a result of laser 
processing. This occurs due to the coagulation of the vacancies that form as a result of the zinc sublimation from the 
surface of material, the creation of concentration gradient and a diffusion of this alloy component to the surface. A 
condition for the intensification of mass transfer in the solid phase of metallic materials is non-stationary local 
deformation which is caused by high-energy external effects [11, 12]. The pulse-periodic laser action with a pulse 
frequency of up to 5000 Hz enables forming a sustained stress state on the surface of the samples. 
For the first time, the possibility of the nanoporous structures formation in the metallic materials by the laser 
treatment with a frequency of pulse-periodic radiation up to 10 Hz, which allows implementing these processes 
using a much wider range of the lasers, was determined in Refs. [13-15]. In this case, takes place a deformation 
porosity, which develops as a result of the thermocycling, thus, giving rise to locally increased stresses and plastic 
strains in some micro-volumes of the material. Important to determine the conditions for the formation of nanopores 
by cyclic elastoplastic deformation is to study the vibration characteristics of the process, it is needed to the increase 
of the potential of its practical application. The purpose of this research is to determination of the influence of 
conditions of the samples fixation on the intensity of the nanoporous structure formation in the metallic material by 
laser action with thermocycling, which gives an opportunity to improve the efficiency of the process. 
2. Material under study and experimental setup 
The two-component Cu–Zn alloy brass L62 containing 60.5–63.5% of the copper was chosen as a study material. 
This brass is single-phase; it has high plasticity, sufficient strength and corrosion resistance, suitable for the 
manufacture of welded and brazed products. Pre-grinded samples of size 25×20 mm2 of the brass with thickness of 
0.05 mm were placed on a substrate from a material with low heat conductivity, or were fixed in an adjusting device 
with a minimum contact area with the holders. 
The energy action on the samples of the Cu-Zn alloy was effected using a gas CO2 laser ROFIN DC 010 with the 
diffusion cooling and high-frequency pumping. The maximum output power of the laser in the pulse-periodic lasing 
mode is 1000 W; the diameter of the initial beam with Gaussian intensity distribution is 20 mm. The required 
temperature rate conditions of laser processing to implement the necessary impact on a limited area and depth of the 
material volume were determined by changing the laser power, pulse frequency, and the size of a laser spot on the 
sample surface in order to form the nanoporous structures. 
3. Results and discussion 
We studied the effect of pulse-periodic laser radiation for the nanoporous structure formation in the brass L62. 
The laser output average power in the pulse-periodic mode of generation was chosen in the range of 250–350W at 
the pulse frequency from 2 to 5 Hz, the diameter of the laser spot on the sample surface from 5 to 12 mm. The 
modes of pulse-periodic laser action with thermocycling at which an area with a corrugation-shaped relief and a 
clear border was formed in the center of the heat-affected zone in the studying material of the brass L62 were 
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defined: the laser average power of 300W, the pulse frequency of 3Hz, the diameter of the laser spot on the sample 
surface was 7 mm. Formation of the corrugations is a sign of the increasing volume of local areas of two-component 
brass in the zones of the high temperature differences. 
The study of the fine structure of the material was carried out by using scanning electron microscope VEGA\\ 
SB, Tescan. It was determined, that thermocycling leads to the significant qualitative changes in the structure of the 
material. The result of the studies of the structure of the L62 alloy on thin sections with a plane located 
perpendicular to the treated surface by scanning electron microscopy showed the following data. During pulse-
periodic laser action with thermocycling the wedge-shaped submicrocavities were formed in the surface layer of the 
material. These submicrocavities converge at their edges with formation of extended nanosize channels with widths 
not more than 100 nm. A fine structure of the copper-zinc alloy after thermocycling is showed in Fig. 1. The pulse-
periodic laser action with a pulse frequency of 3 Hz on single-phase brass of 0.05 mm thickness leads to the 
formation of nanosized cavities due to the accumulation of internal stresses during cyclic heating and cooling at high 
rates. 
 
 
Fig. 1. A fine structure of the copper-zinc alloy after thermocycling, revealed by using a scanning electron microscope VEGA\\ SB, Tescan. 
The influence of temperature gradients is illustrated in the following data. During the laser action, a local area on 
the sample surface is heated, while the rest of the material is remaining cold. This process leads to the tensile 
stresses in the center of the heat-affected zone and compressive stresses on its periphery. Since the heating of the 
material decreases the value of its yield strength, a plastic deformation occurs in the center of the zone of heat-
affected zone. As the temperature equalizes with time, stresses with opposite signs, i.e. compression in the center of 
heat-affected zone and expansion on its periphery occur in the material. The plastic deformations in the material 
during its cooling are the cause of accumulation of residual stresses. If the value of the internal stresses exceeds the 
yield strength, then the local deformations are formed. At the exceeding of the ultimate strength, discontinuity flaws 
are generated. A high-speed changing of areas with a predominance of expansive and compressive stresses is occur, 
and leading to the formation of nanosized cavities. When implementing the chosen conditions of the pulse-periodic 
laser processing, the localness in depth and area of the physical processes occurring in the heat-affected zone is 
ensured, while maintaining the original properties of the material and the absence of significant deformations in the 
rest of the volume. 
Using a PDV 100 digital vibrometer, estimations of vibration rates of the samples in the frequency range from 
0.5 to 16000 Hz were performed. The laser action with pulse frequency of 3 Hz allowed the formation of 
nanoporous structures in the metallic material. In this case, the forced oscillations were observed that accompany the 
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process of pore formation. Fig. 2 shows a typical range of the vibration rate of the sample during the laser action 
with a pulse frequency of 3Hz. It was revealed in the study of the forced oscillations that the maximum values of 
vibration rate occur at frequencies corresponding to the natural vibration frequencies. Increasing the temperature of 
the heat-affected zone of the samples led to shifts of the frequency range towards larger values, which is explained 
by the change of the modulus of normal elasticity of the material. 
 
 
Fig. 2. The range of vibration rate of the sample during the laser action with the pulse frequency 3 Hz. 
The application of a damping device causes significant reduction in vibration rate, but under such conditions the 
pores formation does not stop. Fig. 3 shows the range of the vibration rate of the sample under the laser action with 
pulse frequency of 3Hz when the damping device is used. It was determined that conditions of fixation of the 
samples during pulse-periodic laser action with thermocycling practically do not influence the intensity of the 
formation of a nanoporous structure. This provides an opportunity to implement the processes of formation of 
nanoporous structures in the massive parts of devices and mechanisms, it significantly increases the potential for the 
practical use of this process. 
 
 
Fig. 3. The range of the vibration rate during laser action with pulse frequency of 3 Hz when the damping device is used. 
4. Conclusions 
We studied the effect of pulse-periodic laser radiation for the nanoporous structure formation in the brass L62. 
The energy action on the samples of the Cu-Zn alloy was effected using a gas CO2 laser ROFIN DC 010 with the 
diffusion cooling and high-frequency pumping. The modes of pulse-periodic laser action with thermocycling at 
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which an area with a corrugation-shaped relief and a clear border was formed in the center of the heat-affected zone 
in the studying material of the brass L62 were defined: the laser average power of 300W, the pulse frequency of 
3Hz, the diameter of the laser spot on the sample surface was 7 mm. It was found that thermocycling leads to the 
significant qualitative changes in the structure of the material. During pulse-periodic laser action the wedge-shaped 
submicrocavities were formed in the surface layer of the material. These submicrocavities converge at their edges 
with formation of extended nanosized channels with widths not more than 100 nm. The pulse-periodic laser action 
on single-phase brass of 0.05 mm thickness leads to the formation of nanosized cavities due to the accumulation of 
internal stresses during cyclic heating and cooling at high rates. 
When implementing the chosen conditions of the pulse-periodic laser processing, the localness in depth and area 
of the physical processes occurring in the heat-affected zone is ensured, while maintaining the original properties of 
the material and the absence of significant deformations in the rest of the volume. Using a PDV 100 digital 
vibrometer, estimations of vibration rates of the samples in the frequency range from 0.5 to 16000 Hz were 
performed. It was revealed during the course of the study of the forced oscillations that the maximum values of 
vibration rate occur at frequencies corresponding to the natural vibration frequencies. The application of a damping 
device causes significant reduction in vibration rate, but under such conditions, the pores formation does not stop. It 
was determined that conditions of fixation of the samples during pulse-periodic laser action with thermocycling 
practically do not influence the intensity of the formation of a nanoporous structure. This provides an opportunity to 
implement the processes of formation of nanoporous structures in massive parts of devices and machines. This 
significantly increases the potential for the practical use of this process. 
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